
JWHODVVmjt 


Ntrtinj; Flight 


On the Minimum Induced Drag of Wings 


Albion H. Bowers 
NASA Armstrong Chief Scientist 


NASA Neil A. Armstrong Flight Research Center 


NASA Neil A. Armstrong Flight Research Center 






















Horten Applies the Bbell Spanload 



# Horten Spanload (1 934-1954) 
use twist to achieve spanload 
induced thrust at tips 
no structural implications 


Horten Sailplanes (Germany & Argentina' 


























Dr Edward Uden’s Results 


• Spanload and Induced Drag 

• Elevon Configurations 

• Induced Yawing Moments 


Elevon Config Cnda Spanload 

1 

-.002070 bell 

II 

.001556 bell 

III 

.002788 bell 

IV 

-.019060 elliptical 

V 

-.015730 elliptical 

VI 

.001942 bell 

VII 

.002823 bell 

VIII 

.004529 bell 

IX 

.005408 bell 

X 

.004132 bell 

XI 

.005455 bell 
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Spedding’s Gliding Falcon 


• Spedding photograpgh’s a gliding falcon’s wake with He bubbles 

• Vortex cores are 0.76 b apart 

• Elliptical spanload is assumed, so the vortex cores are assumed to 
come from the wingtips 















Portugal, et al 2014 (Nature) 
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Upwash and Wing Beats 


Hainsworth * 
1968 


Cutts & Speakman 
1994 


Speakman & Banks 


























Control of Yaw 


« 


You Have Three Choices: 


1/ drag a vertical tail around with you all the time 
to create a yawing moment 

21 manipulate drag at the wing tips to control yaw 
-OR- 



Current 

Design 

Options 


3/ manipulate; THRUSI at [he? wing tips to control yaw 


Biological vs Mechanical Flight 







Efficiency 


• Efficiency: 12.5% increase in wing efficiency 

• 20-30% increase in efficiency by eliminating the tail 

• 1 5.4% increase in propulsive efficiency 

• TOTAL EFFICIENCY INCREASE: 69% 

• C Y201 1 : world jet fuel consumption $1 34B 

• $55B in jet fuel saved 

• CY2011 World GDP: $69.7T 

• World power production: $12.0T 

• $1 .85T savings in world power production 


Concluding Remarks 

• Birds as as the first mode! for flight 

• Applied approach gave immediate solutions, departure from bird flight 

• Eventual meeting of theory and applications (applied theory) 

• Spanload evolution (Prandtl/Horten/Jones/Klein/ViswanathanyWhitcomb/Bowers) 

• Solve performance, structure and control with ONE spanload solution! 

• 12.5% increase in L/D, -2% increase in prop efficiency, 20-30% decrease in 
drag eliminating the tail, ~43-62% reduction in total aero efficiency 

• Assumptions and Solutions 

• The Wrights disintegrated the flight of birds, and PrandtiyHorten/Jones 
reintegrated the flight of birds... 

• Thanks: Red Jensen, Brian Eslinger, Dr Christian Gelzer, Dr Oscar Murillo, 
Hayley Foster & Steve Craft, Dr Bob Liebeck, Nalin Ratnayake, Mike Allen, 

Witer Horten, Georgy Dez-Falvy, Rudi Opitz, Bruce Carmichael, R.T. Jones, 
Russ Lee, Bob Hoey, Phil Barnes, Dan & Jan Armstrong, Dr Phil Burgers, Ed 
Lockhart, Andy Kesckes, Dr Paul MacCready, Reinhold Stadler, Dr Edward 
Uden, & Dr Karl Nickel 
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NASA Aero Academies & Others 

• 2014 NASA Aero Academy 

- Brian Plank, Joe Lorenzetti, Kathleen Glasheen, Bryce Doerr, Cynthia 
Farr, Nancy Pinon, Heather Laffoon, Jack Toth, Leo Banuelos 

• 2013 NASA Aero Academy 

- Eric Gutierrez, Louis Edelman, Kristyn Kadala, Nancy Pinon, Cody 
Karcher, Andy Putch, Hovig Yaralian, Jacob Hall 

• 2012 NASA Aero Academy 

- Steffi Valkov, Juliana Plumb (Ulrich), Luis Andrade, Stephanie 
Reynolds, Joey Wagster, Kimmy Callan, Javier Rocha, Sanel 
Horozovic, Ronalynn Ramos, Nancy Pinon 

• Mike Allen, Alex Stuber, Matt Moholt, Dave Voracek, Jaiwon Shin, Ross 
Hathaway, Brian Eslinger, Oscar Murillo, Lesli Monforton, Red Jensen, 
Aamod Samuel, Brad Neal, Brad Flick, Chris Acuff, Rick Howard 
(NPS), Marko Stamenovic, Jim Murray, Nalin Ratnayake, Eric Nisbet, 
Jeromy Robbins, Nelson Brown, Curtis Stump. Andrew Burrell, Anthony 
MacPherson, Brian Taylor, Chris Miller, Victor Loera, Cameron Law, 
Koen vander Kerckhove, Bob Hoey, Russ Lee, Reinhold Stadler, 
Edward Uden, Paul MacCready, Karl Nickel, Walter Horten, Diego 
Roldan Knollinger, Michael Cox, Jeff Jennings, Phil Barnes 
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H ASA Afire AriKPo T 


NASA Aero Academy 2013 


NASA Aero Academy 2012 


PRANDTL-D 


• VftfeOS 


- TEDxNASA 201 1 

http://www.youtube.com/watch?v=2230maQ9uLY 


- NASA Aero Academy 2013 
http://www.youtube.com/watch7vsHrOI6wBFGpY 


Red Jensen: pilot, 
engineer 













